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Abstract— The paper presents a new Model Predictive Power 

and Voltage Control (MPPVC) scheme to control and 

coordinate the dc-dc converter, inverter and rectifier for grid 

connected PV-Wind-Energy Storage Systems. The cascaded 

control method with multiple feedback loops has been 

traditionally employed for voltage and power control of PV 

inverters. But this method has very limited power regulation 

capability. As the fast increasing penetration of PV and Wind 

power generation systems in the distribution network, the 

voltage rise/drop has become a serious problem impacting 

negatively on the power quality and grid stability. As we are 

using renewable energy sources, fluctuating outputs from 

energy sources and variable power demand may deteriorate 

the voltage quality. To overcome these problems a MPPVC 

is proposed without using any PID regulators. By regulating 

the dc-bus voltage and controlling the active and reactive 

power flows, this method can support the power grid to 

maintain stable voltage, frequency and improve power factor. 

By controlling the bidirectional dc-dc converter of the battery 

energy storage system, the fluctuating output from the 

renewable energy sources can be smoothed, while stable dc-

bus voltage can be maintained. Compared with the traditional 

cascade control, the proposed method is simpler and shows 

better performance. Numerical simulation have been 

conducted on a PV-Wind-Energy Storage Systems to verify 

capability and effectiveness of the proposed control strategy. 
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I. INTRODUCTION 

For PV system control, the cascaded linear control method 

has been widely used for decades [1]. This control structure 

requires multiple feedback loops and PWM modulation, 

resulting in relatively slow dynamic response. In a practical 

PV power plant, the fluctuating PV panel output can cause 

oscillations in the dc-bus voltage, and deteriorate the power 

quality on the ac side. As a result, the traditional cascaded 

control is ineffective to deal with this fluctuation. Another 

concern is the power flow between the PV system and utility 

grid, which is usually handled by the grid-connected 

inverters. Traditionally, the cascaded feedback loops with 

PID controllers are adopted to control the ESS dc-dc 

converter and the grid-connected inverter [2]–[9]. To regulate 

the ESS charging or discharging current, an inner current 

control loop is commonly employed [2]–[3]. In this cascaded 

control strategy, the flexible power regulation capability is 

limited because both the active and reactive power flows 

between the PV system and the grid cannot be controlled 

directly. With the fast increasing penetration of PV systems 

in the distribution network, the voltage rise/drop has become 

a problem which impacts negatively on the power quality and 

grid stability [4], [5]. Therefore, flexible power regulation is 

highly desired for PV inverters to provide ancillary services. 

 Because of the intermittent power generation, PV-

Wind systems must be equipped with energy storage systems 

(ESS) to achieve smooth power flows [6], and connected to 

the power grid for reliable power supply. In grid integration, 

the power electronic converter plays an important role to 

interface between the power grid and renewable energy 

sources [7], [8]. Fig. 1 shows a typical PV-Wind-ESS 

configuration. The boost converter is used to achieve 

maximum power point tacking (MPPT) for the PV panels. 

The bidirectional dc-dc converter is controlled to absorb 

excess energy by charging or supply additional energy by 

discharging the ESS. The grid connected inverter converts the 

dc-bus voltage into the ac grid voltage. To achieve flexible 

power regulation, the PV-Wind system control method must 

be modified to control the active and reactive power flows 

injected in the point of common coupling (PCC) with the grid. 

 In this paper, a new model predictive power control 

(MPPC) strategy is proposed to control and coordinate the 

bidirectional dc-dc converter and inverter in PV-Wind-ESS 

systems as shown in Fig. 1. The active power is chosen as the 

control objective for the bidirectional dc-dc converter and 

both the active and reactive power flows as the control 

objectives of the grid-connected inverter. The MPPC method 

in ESS can smooth the PV fluctuating output and maintain the 

stability of dc-link voltage, and the MPPC scheme for the 

inverter can control flexibly the power flow between the PV-

Wind-ESS system and the utility grid, such that the PV-

Wind-ESS system can support the grid by compensating the 

voltage to a certain degree. 

 Carrying out extensive simulations under different 

key control parameters is an effective way to evaluate the 

robustness and stability of the designed MPC controllers [10], 

[11]. In this study, the robustness and stability are estimated 

by gradually varing filter settings. It is proved that the 

proposed MPPC scheme is highly stable and robust, as well 

as invulnerable to parameter variations. After that, the system 

performance are also examined with a longer horizon 

prediction and compared with existing MPC methods. The 

results show that the proposed MPPC scheme is indeed 

feasible and effective using only one-step prediction. In 

addition, the proposed MPPC scheme is superior to existing 

MPC combinations in terms of maintaining a stable dc-bus 

voltage and providing a flexible power regulation. 

 For decades, cascade linear control has dominated 

the power Electronic control techniques.  However, this 

approach has major Drawbacks [15].  First, the control 

structure is complicated with multiple feedback loops and 

PWM modulation, which leads to slow slow dynamic 

response. Second, the tuning of the   proportional - integral-

differential (PID) parameters is   time - consuming,   which 

makes the controller not easy to implement. In a practical 

microgrid,   fluctuating output from renewable energy sources 
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can cause oscillations in dc bus voltage, which in turn, may 

further deteriorate the power   quality on the ac side. As a 

result, traditional cascade control may no longer be effective 

to deal with this fluctuation. 

 Recently, due to the increasing presence of dc power 

sources in microgrids such as PV, fuel-cell, energy storages, 

modern dc loads, and considering the existing century-long 

ac power systems, interests on hybrid ac/dc microgrids are 

growing rapidly [8]-[11]. Traditionally, cascade inner current 

and outer voltage feedback loop with PID regulators are 

commonly used to control dc-dc converters and ac/dc 

interlinking converters in such microgrids. Typically, in 

islanded mode, the main ac/dc interlinking converter is 

controlled to provide a stable voltage and frequency for the 

ac sub grid while the dc-link voltage is maintained by the 

bidirectional dc-dc converter [8]-[10]. In grid-connected 

mode, the ac/dc interlinking converter is used to maintain a 

stable dc-link voltage and to exchange power between the 

microgrid and the utility system [9]-[11]. As the dc-dc 

converters and the ac/dc interlinking converters are vital to 

ensure stable dc and ac supply, the drawbacks of the 

conventional cascade control with PID regulators may affect 

the voltage quality. 

 In this paper, a new control strategy based on MPC 

is developed for renewable energy based microgrids. The 

topology of the microgrid is shown in Fig. 1. The renewable 

energy resources could be the wind, solar, wave, etc [12], 

[13], [14]. Here, solar PV system and wind generator are 

adopted as an example, which is not the main focus in this 

research. There are two parts in the whole system: DC sub 

grid with dc loads and ac sub grid with ac loads. The battery 

energy storage system (BESS) is connected to the dc bus via 

a dc/dc converter. The ac and dc buses are interconnected 

through a bidirectional ac/dc interlinking converter which is 

a three-phase two-level voltage source inverter (VSI). A 

model predictive current and power (MPCP) scheme is 

developed to control the bidirectional dc-dc converter in the 

BESS, while a model predictive voltage and power (MPVP) 

method is proposed to control the ac/dc interlinking 

converter. They are used to coordinately control the dc/dc 

converter and ac/dc converter to smooth the renewable 

energy outputs and maintain dc- and ac-buses voltages. 

Finally, by considering practical aspects such as fluctuating 

power generation, variable power demand, battery state of 

charge (SOC), electricity price, etc., an energy management 

scheme (EMS) is developed to ensure stable operation under 

different operation modes. Our contributions in this work are 

highlighted as follows.  

1) Compared with traditional cascade linear control, the 

proposed scheme avoids PID parameters tuning, PWM 

modulation and complex coordinate transformation.  

2) By using proposed MPC scheme, the dc-bus voltage can 

be better maintained with less oscillations and 

overshoots under fluctuating power generation and 

consumption profiles. Meanwhile, the ac-bus voltage has 

a better quality with less harmonic interferences.  

3) A comprehensive system-level power management 

scheme in consideration of fluctuating power generation, 

variable power demand, battery state of charge (SOC), 

and electricity price is developed to ensure stable 

operation and steady transition under different operation 

modes. 

 
Fig. 1: Configuration of PV-Wind-ESS 

Description Value 

Solar PV 
SunPower Spr-305E-WHT-D, 2.8 

MW 

Wind turbine 
Base wind speed 12m/s, R=31m, 

Cp=0.47 

PMSG 
1.5 MW, Ld=Lq=0.3mH, 

ΦV=1.48Wb, p = 48 

ESS 
Lithium-Ion battery, 1 MW, 

300V, 1.3 kA·h, Lbf=50μH 

DC-bus voltage 1.2 kV 

DC-bus capacitor 20 mF 

AC-bus voltage 25 kV / 0.69 kV 60Hz 

AC-bus LC filter L = 0.6mH, C=1338μF, R=1.9mΩ 

Linear loads 
Critical load 1 – 1MW, non-

critical load 2 – 0.5MW 

Non-linear loads 
Critical load 3 – 1MW, non-

critical load 4 – 0.5MW 

PI gains of traditional method 

BESS grid-tied 
Current loop: kp=1.5, ki=1 (fsw = 

2kHz) 

BESS islanded 

Outer voltage loop: kp=10, ki=50 

Inner current loop: kp=5, ki=2  (fsw 

= 2kHz) 

Interlinking 

converter grid-tied 

Outer voltage loop: kp=5, ki=600 

Inner current loop: kp=4, ki=20  

(fsw = 10kHz) 

Interlinking 

converter islanded 

Outer voltage loop: kp=46, ki=0 

Inner current loop: kp=7, ki=0   

(fsw = 3kHz) 

Table I: System Parameters 

Bidirectional  
  dc-dc Converter 

     Inverter  
 

 Load 1 

 Load 3  

DC bus 

AC bus 

Energy Management  
Scheme (EMS) 

Boost converter Rectifier 

Communication link 

Electric power link 

 Utility grid 

  Load 4  

 Load 2 
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Fig. 2: Architecture of PV-Wind-ESS. 

 Integrating a PV and Wind energy with MPPT 

system to generate constant DC voltage using DC-DC 

converter. DC is   further converted into three phase AC by 

using PWM inverter and connected to the grid. The various 

parameters are verified by using RLC load to the system.   

 MPPC support the power grid to maintain stable 

voltage and frequency and improve power factor. Numerical 

simulation has been conducted on a PV-Wind-ESS system 

and verified the capability and effectiveness of the proposed 

control strategy. 

 DC sub grid with dc loads and ac sub grid with ac 

loads. The battery energy storage system (BESS) is connected 

to the dc bus via a dc/dc converter. The ac and dc buses are 

interconnected through a bidirectional ac/dc interlinking 

converter which is a three-phase two-level voltage source 

inverter (VSI). A model predictive current and power 

(MPCP) scheme is developed to control the bidirectional dc-

dc converter in the BESS, while a model predictive voltage 

and power (MPVP) method is proposed to control the ac/dc 

interlinking converter. They are used to coordinately control 

the dc/dc converter and ac/dc converter to smooth the 

renewable energy outputs and maintain dc- and ac buses 

voltages. Finally, by considering practical aspects such as 

fluctuating power generation, variable power demand, battery   

state of charge (SOC), electricity price, etc., an energy 

management scheme (EMS) is developed to ensure stable 

operation under different operation modes. 

II. SIMULATION 

The PV-Wind-ESS system shown in Fig. 2 is numerically 

simulated by using MATLAB/Simulink. Since the PV dc-dc 

converter and MPPT techniques have been widely studied, 

they are out of the scope of this work. In this paper, the 

effectiveness of the proposed MPPC scheme for grid-

connected inverter and dc-dc bidirectional converter has been 

checked by simulation with the system parameters listed in 

Table1. Loads 1 and 2 are linear loads represented by using 

constant resistances, and Loads 3 and 4 the constant power 

type loads. The proposed MPPC scheme is compared with the 

traditional scheme of outer voltage and inner current loops of 

PI regulators. For a fair comparison, the converter average 

switching frequencies of the proposed method are the same 

as those of the traditional method. Since the sampling 

frequencies of both the proposed and conventional methods 

are 20kHz, the switching frequencies of the dc-dc and dc-ac 

converters are about 3.0kHz and 3.8kHz, respectively. For 

easy reference, the current flowing into the battery for 

charging is defined as the negative current in ESS, while the 

current flowing out of the battery for discharging is defined 

as the positive current. The active and reactive power flows 

between the PV-ESS system and the main grid are defined as 

PPCC and QPCC, and the positive power flows are defined 

as from the main grid to the PV-ESS system. the proposed 

method is simpler and shows better performance, which is 

validated in simulation based on a 3.5 MW pv-wind-battery 

system with real-world solar and wind profiles. 
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III. RESULTS 

 
Fig. 3: DC line voltage and current 

 
Fig. 4: Line Power(LP), Battery Power (BP), Wind Power (WP) and Solar Power (SP) . 
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Fig. 5: Three phase voltage 

 
Fig. 6: Measured current of dc-dc converter. 
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Fig. 7: Three phase current 

 
Fig. 8: Phase Voltage (VP) and Line Voltage (VL). 
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Fig. 9: Dc voltage (Vdc). 

IV. CONCLUSION AND FUTURE WORK 

The MPC-based MPPC scheme for a microgrid with PV-

Wind-ESS systems. The MPPC for the dc-dc bidirectional 

converter aims to provide a stable and robust dc bus voltage 

so as to smooth the influence from the fluctuating PV output, 

which otherwise will affect the grid voltage when the dc-bus 

is connected to the utility grid. Flexible power distribution 

can be achieved by providing stable dc- and ac-bus voltages, 

even under false power tracking. For the voltage dips caused 

by variable loads, a voltage support method is developed to 

compensate and restore the voltage drop. The proposed 

MPPC scheme is confirmed by numerical simulation. The 

effectiveness of the proposed method is validated based on a 

pv-wind-battery system with real-world solar and wind 

profiles, showing better control capability and improved 

voltage quality in comparison with traditional method. 

 It should be noted that, compared to traditional 

cascade control with PID regulators, additional 

measurements are needed for the proposed MPCP and MPVP 

approaches. Thus, additional sensors and communication 

facilities are required. In addition, connection or 

disconnection of filter capacitors in operation mode transition 

may cause current spike in practice. These are the issues need 

to be further addressed in future work. It should be noted that, 

compared to traditional cascade control with PID regulators, 

additional measurements are needed for the proposed MPCP 

and MPVP approaches. Thus, additional sensors and 

communication facilities are required. In addition, connection 

or disconnection of filter capacitors in operation mode 

transition may cause current spike in practice. These are the 

issues need to be further addressed in future work. 
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